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CEMENTATION OF IRON AND STEEL

ing reaction are known, it seems well to develop here briefly some considera-
tions which it is absolutely necessary to take into account when it is desired
to apply these general laws to practical cases such as present themselves in
technology.

The reactions concerned in the specific action of carbon monoxide have
been the subject of many experimental researches, and the general laws which
govern their course and the state of equilibrium to which they lead have been
enunciated in simple and clear form by Schenck. The theoretical considera-
tions developed by Schenck constitute the necessary foundation for the cor-
rect interpretation of these phenomena. For obvious reasons of convenience,
we can reproduce these considerations here only in abstract, and I must
assume that those who wish to master completely and rigorously the laws
which govern the phenomena will study the results of the investigations of
Schenck and of his students, or at least as much of them as is reported in
Chapters IV and V of his volume on the " Physical Chemistry of the Metals."
I therefore limit myself here to making observations on the applicability of
Schenck's theories to the practical study of the processes of cementation by
carbon monoxide.

First of all, it is necessary to remember that the conclusions of Schenck
hold without modification and exactly only in the case in which the various
reactions proceed freely until they reach complete equilibrium. The course
of the reactions which are effected in the system formed of carbon monoxide,
carbon dioxide, and iron-carbon mixed crystals hold with exactness only in
the case in which the concentration of the carbon is uniform throughout the
whole mass of the mixed crystals. But this uniformity can be attained in
the time available in practice only when the iron being cemented is sub-
divided into small masses (wires, granules, filings, etc.), while in the more
general practical case of cementation of larger articles, the carburization is
limited to the peripheral zone of the pieces and in this zone the concentration*
of the carbon varies (decreasing) as we pass to the successively deeper layers.
It is clear that in this last case we cannot speak of complete equilibrium. Also,
to the three factors (pressure, temperature and composition of the gaseous
mixture) on which in the first case the final result of the cementation depends,
are added two others: the velocity with which the gases diffuse into the
steel and the velocity with which the carbon diffuses in this steel. Experi-
ment, however, shows that, under the conditions of temperature and of
pressure at which the cementation is ordinarily effected, the two new factors
act with insufficient intensity to produce a qualitative change in the phenom-
ena, and barely sufficient to produce a quantitative change in the relation
between the maximum concentration of the carbon in the surface layer of the
cemented zone artd the composition of the gaseous phase.

A proof (among the many which I could cite) of the correctness of
these assertions is furnished, for example, by the results of the experi-